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PREFACE

The California Departnent of Fish and Gane (CDFG is
responsi ble for fish and wildlife managenent prograns and for the
protection of fish and wildlife. The CDFG protects fish and
wildlife from damage caused by pesticides through consultation as
a nmenber of the mandated California Departnment of Pesticide
Regul ation (DPR) Pesticide Registration and Eval uation Conmittee
and Pesticide Advisory Conmittee. Through consultation with
CDFG, the Regional Water Quality Control Boards al so protect fish
and wildlife by promulgating and enforcing water quality
standards for pesticides and other toxic materials. In
recognition of the need for applicable environnmental standards
for fish and wildlife, DPR contracted with CDFG for the
assessnment of the effects of pesticides on fish and wildlife and
to facilitate the devel opnment of water quality criteria which
will protect fish and wildlife.

This docunment is the third in a series of hazard assessnents
for pesticides used on rice which recommends studi es and
conditions necessary for the protection of fish and wildlife.
Hazard assessnents have al so been prepared for the herbicides
nol i nate and thi obencarb and the insecticide nethyl parathion.



Hazard Assessnent of the Insecticide Carbofuran
to Aquatic Organisns in the Sacranmento River System

by
Mary Menconi and Shannon G ay

Pesticide Investigations Unit
1701 Ni nbus Road, Suite F
Rancho Cordova, California 95670

SUMVARY

An interimWater Quality Criterion (WQC) for protection of
sensitive aquatic organisns fromthe insecticide carbofuran
(Furadan® was devel oped for California's Sacranmento River system
The di scharge of rice pesticides into the Sacramento-San Joaquin
Estuary lasts for 45 to 60 days from May t hrough June. Although
focused on effects fromrice tailwater in the Sacranmento Vall ey,
this assessnment may be useful for other crops and environnents.

Si xty-one tests on the acute and chronic effects of
carbofuran to aquatic plants and ani nal s were eval uat ed.
I nsufficient data were available to calculate a Final Acute Val ue
(FAV) for carbofuran according to Environnmental Protection Agency
(EPA) procedures; data on insects and anphi pods were | acki ng.
The npst sensitive species tested in acute toxicity tests was the
dungeness crab Cancer magister, with a 96-h EGC, value of 1.5
pg/ L.  Because of the data deficiency, an interim FAV, equal to
the acute toxicity value of carbofuran for the dungeness crab,
was proposed.

Simlarly, sufficient reliable data were not available to
calculate a Final Chronic Value (FCV) fromeither chronic val ues
or using a Final Acute-to-Chronic Ratio (FACR). A chronic study
wi th the cladoceran Ceri odaphnia dubia did not neasure exposure
| evel s, and a chronic study wi th dungeness crab used w dely
separated (ten-fold) exposure levels. A 28-day chronic test with
t he nonnative marine nysid Mysidopsis bahia did result in a No
bservabl e Effect Concentration (NOEC) of 0.4 pg/L and a Lowest
(bservabl e Effect Concentration (LOEC) of 0.98 pg/L; however,
there is no LG, value for this species. These conditions
produced i npreci se ACR val ues. Because of these concerns, an
interimFCV equal to the 70-d NOEC val ue of 0.5 pg/L carbofuran
for the dungeness crab was proposed. Thus, an interim WX of 0.5
Mg/ L carbofuran is proposed.

Car bof uran exhibits additive acute toxicity with mal at hion
and net hyl parathion, two insecticides used on rice and found
concurrently in agricultural drain water. Thus, an acceptable
| evel of carbofuran in the presence of these other two
i nsecticides may be | ower than that proposed here. Additional
study is needed to further characterize additive toxicity anong
all pesticides used on rice taking into consideration both |ethal



and subl et hal effects.

Concentrations of carbofuran were first neasured in the
agricultural drains in 1987. Maxi mum concentrations of
carbofuran in drains have declined from 13 pg/L in 1987 to 0.6
Mg/ L in 1991. Concentrations of carbofuran up to 2.1 ug/L have
been detected in the Sacramento River near the city of
Sacranento. These nonitoring data indicate that a hazard to
sensitive aquatic invertebrates may have existed in the
agricultural drains, especially prior to 1991. Maxi mum
concentrations (in pg/L) of carbofuran in the Colusa Basin Drain
exceeded the criterion in 1987 (13), 1988 (4.4), 1989 (1.5), 1990
(1.1) and 1991 (0.6). Simlar data for the Sacranento River
suggest that a hazard may have existed prior to 1988 but no or
little hazard to aquatic invertebrates currently exists; nmaxi mum
concentrations were 2.1 pg/L carbofuran in 1987 but <1.0 upg/L
car bofuran since 1988.

The hazard assessnent procedure is a reiterative process by
whi ch new data are evaluated to refine water quality criteria. A
new criterion will be generated when the necessary data becone
avai l abl e. Acceptable acute and chronic tests are needed to
better define the WQC and the effects of carbofuran on the
environnment. Acute toxicity tests with an insect and an anphi pod

are required to calculate a FAV. It is also required that the
chronic test with the cl adoceran Ceri odaphni a dubia be repeated
wi th nmeasured exposure levels. It is recomrended that a chronic

test with the estuarine nysid Neonysis nercedis be conpl eted
because of the their sensitivity to carbofuran and inportance in
t he aquatic environnent of the Sacranento-San Joaqui n Estuary.
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| NTRODUCTI ON

Car bof uran (Furadan®) is an insecticide registered for use
in California on a variety of crops, including rice, sugar beets,
alfalfa, and field corn. 1In a study of carbofuran use in Col usa,
A enn, and Yol o counties conducted by the California Departnent
of Pesticide Regulation (DPR), researchers concluded that the
maj or portion of carbofuran residues found in agricultural drain
wat er of the Sacramento Valley probably originated fromrice.
Thi s was concl uded because carbofuran use on rice was nuch
greater than on any other crop, and the volume of runoff water
fromrice fields was greater (Nicosia et al. 1990). Use between
1980 and 1990 has varied from approxi mnately 30,000 to 50, 000
kil ograns (kg) carbofuran (active ingredient [a.i.]) on 40,000 to
80, 000 hectares of rice in California (Table 1).

For the past decade there has been concern over the hazards
of rice pesticides to aquatic organisns in the Sacranento-San
Joaqui n Estuary. The discharge of rice pesticides including
carbofuran into the Sacranento-San Joaquin Estuary lasts for 45
to 60 days from May through June. Assessnents of rice pesticides
have identified hazards to aquatic organisns in the agricultural
drai ns and the Sacramento-San Joaqui n Estuary (Cornacchia et al.
1984; Finlayson and Faggella 1986; Harrington 1990; State Water
Resources Control Board 1990, Menconi and Harrington 1992). The
Central Valley Regional Water Quality Control Board ( CVRWXB)
found toxicity of Colusa Basin Drain water to aquatic
invertebrates in 1988 and 1989 (CVRWQCB 1988, 1989), and the
California Departnment of Fish and Gane (CDFG found toxicity in
1990 (Finlayson et al. 1991). Norberg-King et al. (1991)
identified carbofuran and met hyl parathion as possible causes of
toxicity to cladocerans in Colusa Basin Drain water, and
Finl ayson et al. (1991) identified nethyl parathion toxicity in
the Colusa Basin Drain water. The insecticides carbofuran,
met hyl parat hi on, and nal at hi on used on rice have al so
denonstrated additive acute toxicity (Fujimura et al. 1991a).
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Tabl e 1. Carbofuran use on rice in California, 1979-1990. Data
from Departnment of Pesticide Regul ation Pesticide Use
Report Dat abase.

year kg® ha
1990° 28, 393 54, 002
1989 NAC NA
1988 26, 770 53, 418
1987 26, 126 50, 759
1986 25,728 41, 039
1985 26, 483 39, 394
1984 40, 167 53, 821
1983 33, 090 45, 681
1982 52, 490 80, 706
1981 49, 208 83, 519
1980 37,234 62, 458
1979 13, 188 23, 202

2 active ingredient (a.i.)
b January to June 1990
¢ not avail able

The CVRWQCB (1990) devel oped a perfornmance goal of 0.4 pg/L
for carbofuran in rice return water. Performance goals are
intended to bring surface water pesticide concentrations down to
| evel s that approach water quality objectives. The CVRWXB
reviews new information as it becones avail able and may revise
per formance goals (CVRWQCB 1992).

The CDFG first neasured concentrations of carbofuran in the
agricultural drains in 1987. From 1987 to 1990, naxi mum
concentrations of carbofuran detected by COFG in the Col usa Basin
Drain have declined from13 to 0.6 pg/L, and maxi mum
concentrations in the Sacranento River at Village Marina have
declined from2.1 to 0.4 pg/L (Table 2). 1In 1990 and 1991,
carbofuran was present in the Colusa Basin Drain for a period of
nmore than two nonths, a sufficient length of time to result in
chroni c exposures for aquatic organi sms.



The hazard assessnent procedure conpares neasured
envi ronmental concentrations with toxic effects likely to result
fromthose exposures. Environnental fate data including studies
on hydrol ysis and phot odegradation in soil, water, and air;
aer obi ¢ and anaerobic soil and aquatic netabolism volatility;
| eachi ng; sorption; and uptake by plants and animals were al so
reviewed. These data were used to determ ne pesticide
degradation rate, environnental transport, and potential to reach
nont ar get or gani sns.

Toxi c effects of carbofuran to aquatic animals were
determ ned by evaluating tests listed in the published literature
and public and corporate | aboratory reports. Sources of
publ i shed literature included CDFG Pesticide Investigations Unit
library, the State of California Resource Agency |ibrary, and
coll ege and university libraries. CDFG al so obtained corporate
| aboratory reports fromconfidential files which were submtted
to DPR in support of pesticide registration.

Avai |l abl e data on carbofuran were eval uated for conformance
with specific criteria, outlined by Harrington (1990). Each
study was screened for conpliance of test methods used with
procedures adapted by the EPA (1985) and the American Soci ety of
Testing and Materials (ASTM 1980, 1987a, 1987b, 1988a, 1988b
1989). Wiile tests did not have to conply with all requirenents,
tests were rejected if they did not observe certain fundanental
protocol s, such as maintaining proper organismsurvival in a
control treatnment, testing only with healthy, unstressed
organi sns, and using appropriate testing procedures. Test
descriptions that did not contain sufficient information for
proper evaluation were rejected if attenpts to obtain the
necessary data fromthe original researcher fail ed.



Tabl e 2. Maxi mum concentrations (upg/L) of carbofuran detected
by CDFG in the Colusa Basin Drain and the Sacranento
River at Village Marina, 1987 to 1991. 1991 data from
DPR (1992), 1989 and 1990 data from Harrington and Lew
(1992), 1987 and 1988 data from Harrington and Lew
(1989).

Maxi mum
Locati on Year concentration

Col usa Basin Drain

1991 0.6
1990 1.1
1989 1.5
1988 4.4
1987 13.0
Sacranento River
1991 <0.4
1990 0.6
1989 <1.0
1988 <1.0
1987 2.1

ENVI RONVENTAL FATE

Hydrolysis is the primary breakdown nmechani sm for
carbofuran. Carbofuran is stable in water at |ow and neutral pH
but rate of hydrolysis increases rapidly with increasing pH
Car bof uran has a hydrolysis t,, of 35 days at pH 7.0 and 350 days
at pH 6.0. Carbofuran is al so degraded through photolysis and is
not likely to accunulate in water exposed to sunlight. The ty,
of carbofuran in sedinment is between one and two nont hs.
Car bof uran does not bioaccunul ate (National Research Council of
Canada 1979). There have been no detectabl e residues of
carbofuran in catfish collected fromthe Colusa Basin Drain
during several rice growi ng seasons (Harrington and Lew 1992,
1989).



Based on certain physicochem cal properties specified by the
California Pesticide Contam nation Prevention Act (Stats. 1985,
Ch. 1298, Sec. 1), carbofuran is nobile in water and soil. These
properties include | ow soil adsorption coefficient, relatively
| ong hydrol ysis and anaerobic soil metabolismhalf-Ilives, and
hi gh water solubility (DPR 1991). These properties al so account
for the season-1ong occurrence of carbofuran in agricultural
drain waters containing rice tailwater (Finlayson et al. 1991).

Certain agronom c practices and conditions increase the
persi stence of carbofuran in soil, including soil incorporation,
use of granular formnulations, high soil organic matter, |ow soi
pH, and | ow soil tenperature and noisture (DPR 1990). Numerous
wat erf oW poi soni ngs have shown that carbofuran granul es applied
during the spring to rice field berns or other areas that renmain
dry during the rice growi ng season can cause wildlife nortality
the followng fall (E.E. Littrell, CDFG personal comrunication
1992).

ACUTE TOXICI TY TO AQUATI C ANI MALS

The EPA (1985) gui delines reconmend ei ght categories of
freshwat er organi snms from whi ch data should be avail able for
deriving a freshwater Final Acute Value (FAV), and eight
categories of saltwater organisns for deriving a saltwater FAV
(Table 3). The EPA (1985) docunent does not discuss deriving an
estuarine FAV. Because the Sacramento River systemincludes the
Sacr anent o- San Joaqui n Estuary, the FAV nmust protect both fresh
and saltwater species. Previous hazard assessnents on the
pestici des nolinate and thiobencarb (Harrington 1990) and net hyl
par at hi on (Menconi and Harrington 1992) conbi ned val ues for
freshwater, saltwater, and estuarine organisnms. The EPA
freshwater and saltwater |ists of recormmended categories of
organi snms were conbined into a list of nine species categories
(Table 4). Although a deviation from EPA (1985) gui delines, the
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conbined list neets EPA taxa requirenents, both freshwater and
sal twater species are represented, and the conbined |i st
represents a broader spectrum of sensitivity to carbof uran.

Fifty tests on the acute toxicity of carbofuran to aquatic
animals were evaluated for use in deriving the FAV using CDFG
gui del i nes described by Harrington (1990, 1991). Twent y- ei ght
of these tests were deternmned to be acceptable for use in
deriving the FAV (Appendix A). Values fromaccepted tests are
tabul ated in Table A-1; values fromunaccepted tests are
tabulated in Table A-2. Acute toxicity values ranged from
1.5 pg/L, the 96-h EGC,, val ue for dungeness crab Cancer nmgi ster
to >10,000 pg/L, the 48-h ECs, val ue for eastern oyster
Crassostrea virginica.

Acceptabl e acute toxicity tests were avail able for organi sns
from seven of the nine conbined freshwater and sal twater species
categori es adapted from EPA (1985) recomendations. To fill the
two renmai ning categories, acceptable acute tests are needed for
at |l east one insect and either a second insect or a second
species in a phylum other than Arthropoda or Chordat a.

Acute toxicity values fromaccepted tests were ranked (Table
5). The I owest four values are the nbst significant determ nants
of the FAV (Appendix D). EPA (1985) procedures specify that the
range between the highest and | owest of the four |owest Genus
Mean Acute Val ues (GVAVs) should not be greater than a factor of
10. The GMVAV for bluegill (88 pg/L) is greater than the next
| onest GVAV (nysid, 3.6 pg/L) by a factor greater than 20. The
filling of the existing data gaps will likely result in the range
of four |owest values being within a factor of 10. Therefore,
the lowest GVAV (1.5 pg/L) will be used as the interim FAV unti l
the two data gaps have been filled.



Tabl e 3. Ei ght speci es categories recomended by EPA (1985) for
deriving freshwater and sal twater Final Acute Val ues

(FAV).
Fr eshwat er FAV Sal t wat er FAV
1. One Sal nonid 1, 2. Two fanmilies in

phyl um

Chor dat a
2. Another famly in class

Gst ei cht hyes
3. Another famly in phylum 3. One famly not in

Chor dat a Art hropoda or Chordata
4. One famly not in 4, 5, 6. Three other

phyl um Art hr opoda or Chordata famlies not in Chordata

5. One insect famly or any phyl um

not al ready represented

6. One pl anktoni c crustacean

7. One benthic crustacean 7. Mysidae or penaeidae famly
8. One insect 8. One other famly not
al r eady

repr esent ed

Tabl e 4. Ni ne species categories for deriving a Final Acute Val ue
for the Sacranment o-San Joaquin Estuary and correspondi ng
ani mal used for carbofuran.

Cat egory of Species

Ani mal
1. Famly Sal noni dae Rai nbow t r out
2. Another famly in class Osteichthyes Bl uegi I |

7



Noo

Anot her fam |y in phylum Chordata
Fam |y not in phylum Arthropoda or Chordata

Fam |y Mysi dae or Penaei dae
One pl ankt oni ¢ crustacean
Bent hi ¢ crustacean

crab
An insect
Anot her insect, or a phylum not represented

Yel | ow perch
Eastern

Oyster

Mysid
Cl adocer an
Dungeness

W)

acceptabl e test not available for this category



Tabl e 5. Ranked Genus Mean Acute Values (GVAV) from accepted acute toxicity
tests on carbofuran.

Rank GVAV_ (ua/ L)
Speci es
1 1.5 Dungeness crab?

Cancer magi ster

2 2.6 Cl adocer an®
Ceri odaphni a dubi a

3 3. 6° Mysi dab

Neonysi s nercedi s

4 88 Bl uegill?

Lepom s macrochirus

5 164 Lake trout
Sal vel i nus namaycush

6 193¢ Striped bass®P®
Morone saxatilis

7 226¢ Yel | ow perch
Perca fl avescens

8 248¢ Channel catfish?
I ctal urus punctatus

9 386 ~ Sheepshead mi nnow
Cyprinodon vari egat us

10 396¢ Brown trout
Salno trutta

11 5364 Genus: Oncor hynchus

Rai nbow trout (477)2
Oncor hynchus myki ss

Coho sal non (530)
Oncor hynchus ki sutch
Chi nook sal non (610)®@
Oncor hynchus tshawytscha

12 1,270 Fat head mi nnow
Pi mephal es pronel as

13 >10, 000 ~ Eastern oyster
Crassostrea virginica

a speci es occurs in Sacranmento-San Joaquin Estuary.
b derived from nost sensitive |life stage toxicity val ue(s).
¢ geonetric nean of values from several toxicity tests on this species.

9



d geonetric nean of values from several toxicity tests on this genus.
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CHRONI C TOXI CI TY TO AQUATI C ANl MALS

El even chronic toxicity tests on carbofuran were eval uated
for acceptability for use in deriving the Final Chronic Val ue
(FCV). Values fromthe seven accepted tests and four unaccepted
tests are tabulated in Tables B-1 and B-2, respectively.

The No (bservabl e Effects Concentration (NCEC) val ues from
acceptable tests ranged fromO0.4 pg/L to 25.0 pg/L for 28-d
exposure for Mysidopsis bahia and 90-d exposure to dungeness crab
C. magister adults, respectively. The Lowest QObservable Effects
Concentration (LOEC) values ranged from0.98 pg/L to 250 pg/L for
M bahi a and dungeness crab adults, respectively. Maxi num
Accept abl e Toxi cant Concentration (MATC) val ues (NOEC X LCEC) Y2
ranged fromO0.63 to 79 ug/L for M bahia and dungeness crab
adults, respectively.

The EPA (1985) specifies two nmethods for cal culating a Final
Chronic Value (FCV). If chronic toxicity data are avail able for
all the categories of organisns specified for deriving the FAV,

t he sane nethod used for cal culating the FAV may be used for the
FCV. If insufficient data are available, the FCV is obtained by
di viding the FAV by a Final Acute-to-Chronic Ratio (FACR). The
FACR is usually calcul ated as the geonetric nean of ACR val ues
froma mninmum of three species, including a fish, an
invertebrate, and an acutely sensitive species. Acceptable
chronic toxicity tests were available for the three species
categories. However, there are conplete (acute and chronic

val ues) data for only one invertebrate species, the dungeness
crab. There is no acute value for the nysid M bahi a.

| nvertebrates are the nost sensitive to carbofuran.

Additionally, the NOEC and the LOEC val ues for the dungeness crab
were separated by an order of magnitude, resulting in inprecise
MATC and ACR values. The LOEC is nornmally only twi ce the NOEC.

11



As with other organophosphate and carbanmate insecti cides,
t he ACR val ues appear to increase with increasing acute val ues
(Table 6). This is consistent with other observations on
i nsecticides which show acute and chronic toxicity to
invertebrates to be simlar (Norberg-King et al. 1991). EPA
(1985) procedures specify that if ACR val ues increase or decrease
with acute toxicity values, then the FACR shoul d be cal cul ated as
the geonetric nmean of the ACR values for only those speci es whose
acute toxicity values are close (wwthin a factor of 10) to the
FAV. The ACR val ues from dungeness crab test results were used
to estimate a FACR value of 1.5 ([0.9 x 2.4]%Y?). However EPA
(1985) procedures reconmend agai nst using a FACR | ower than two,
so two was used as the FACR

The FCV could be derived by dividing the interimFAV by the
FACR, resulting in a value of 0.75 pg/L (1.5/2). However, this
val ue is higher than the NOEC val ues of 0.4 ug/L for the marine
nmysid M bahia and 0.5 pg/L for the dungeness crab zoeae. W
propose to lower the FCV to a |l evel denobnstrated to not have an
adverse effect on an inportant indigenous species, the dungeness
crab. Therefore, in lieu of additional data, the NOEC for
dungeness crab zoeae (0.5 pg/L) was used as the interimFCV.

12



Table 6. Acute-to-Chronic Ratio (ACR) Values for invertebrates and fish exposed to carbofuran.

Speci es LG (pg/ L) MATC (pug/ L) Ref erence(s) ACR
Dungeness crab zoeae 1.5 1.6 Cal dwel | 1977 0. 9°
Cancer magi ster
Dungeness crab adults 190 79 Cal dwel | 1977 2. 42
Cancer magi ster
Sheepshead m nnow 386 33.6 Parrish et al. 1977 11.5
Cypri nodon vari egat us
Chi nook sal non 610 12.5 Faggella et al. 1990 48. 8

Oncor hynchus t shawyt scha

Fujinmura et al. 1990

& These ACRs were used to derive the cal cul ated ACR



TOXICI TY TO AQUATI C PLANTS

Four tests on carbofuran toxicity to aquatic plants were
eval uated for acceptability in deriving the Final Plant Val ue
(FPV). The FPV is the lowest toxicity value denonstrated in
tests with biologically inportant endpoints (EPA 1985). None of
the tests indicated that carbofuran was nore toxic to aquatic
pl ants than to aquatic animals; LOEC val ues were >100 ug/ L.
Thus, levels protective for aquatic animals will al so be
protective for aquatic plants.

HAZARD ASSESSMVENT

Water Quality Criterion

The npst sensitive species tested for acute toxicity were
t he dungeness crab C. magister with a GVAV of 1.5 pg/L, the
cl adoceran Ceri odaphnia dubia with a GVAV of 2.6 pg/L, and the
nmysid Neonysis nmercedis with a GVAV of 3.6 pg/L. Msids,
cl adocerans, and the dungeness crab all occur in the Sacranento-
San Joaquin Estuary, and the CDFG WX gui delines are intended to
provide full protection to sensitive resident species (Harrington
1990). The interimFCV of 0.5 pg/L carbofuran woul d provide
protection for these species and is proposed as the interi m WX
The WQXC of 0.5 pg/L proposed here approxi mates the performance
goal for carbofuran of 0.4 pg/L established by the CVRWXB
(1990) .

The WX represents nmaxi numrat her than average
concentrations. Organisnms normally respond to average
concentrations. Maxi mum concentrations of rice pesticides
i ncl udi ng carbofuran have been shown to be approxi mately tw ce
t he average concentration (Finlayson et al. 1991) and therefore,
t he WQXC provides an inherent two-fold safety margin.

14



The interimWQC is based on the toxicity of carbofuran
al one. Because carbofuran exhibits additive toxicity with
mal at hi on and net hyl parathion (Fujimura et al. 1991a), two ot her
rice insecticides frequently found in Sacranmento Vall ey wat erways
during the time that carbofuran is present, reevaluation of the
WX nmay be necessary. An acceptable |evel of carbofuran in the
presence of the other two insecticides would be | ess than the WX
proposed here because of additive toxicity. Additive toxicity
occurs when the observed toxicity for a mxture is equal to the
sum of the potential toxicity of the individual conponents.
Acceptable levels (AL) in surface water can be represented by the
equation: AL/ WX (carbofuran) + AL/ WX (nethyl parathion) +
AL/WQC (mal athion) = 1. This approach was used by Harrington
(1990) in assessing rice herbicide toxicity and by CVRWXCB (1990)
in determning deleterious |evels of pesticides in surface
waters. No information exists on the influence rice herbicides
have on the toxicity of rice insecticides and vice versa.
Reeval uation of the interimWC wi Il be necessary when the acute
and chronic toxicity data gaps (see below) are filled.

Hazard to Aquatic Animals

The species denponstrating the greatest sensitivity in acute
toxicity tests were the saltwater dungeness crab C. nagister with
a 96-h EG, value of 1.5 pg/L and the freshwater cladoceran
C. dubia with a 48-h EGCy, value of 2.6 ug/L (Table A-1). M
bahi a denonstrated the greatest sensitivity in chronic toxicity
tests, with a 28-d NCEC value of 0.4 pg/L (Table B-1).

Car bof uran has been used on rice since 1979, with use
rangi ng between 13,188 kg on 23,202 ha in 1979 to 52,490 kg on
83,519 ha in 1982. CDFG first measured concentrations of
carbofuran in the agricultural drains in 1987. Concentrations of
carbofuran were detected (>0.1 pg/L) in the Colusa Basin Drain in
1990 for a period of nore than two nonths during md-Apri
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through | ate June (Finlayson et al. 1991). Maxi mum
concentrations of carbofuran in the Colusa Basin Drain have
declined from13.0 pg/L in 1987, to 4.4 pg/L in 1988 (Harrington
and Lew 1989), to 1.5 pg/L in 1989, to 1.1 pg/L in 1990
(Harrington and Lew 1992), and to 0.6 pg/L in 1991 (CDFG
unpubl i shed data 1991). Maxi num concentrations of carbofuran in
the Sacranmento River have also declined from2.1 pug/L in 1987 to
<1.0 pg/L in 1988 (Harrington and Lew 1989) and 1989, to 0.6 ug/L
in 1990 (Harrington and Lew 1992) and to <0.4 in 1991 (DPR 1992).
Al t hough carbofuran levels in the agricultural drains and
the Sacranmento River have clearly declined since 1987, the data
indicate that a hazard to sensitive aquatic invertebrates in the
agricultural drains may have exi sted because environnental |evels
had exceeded acute toxicity levels for the cladoceran C. dubia
and the nysid N. nercedis, especially in 1987 and 1988. Sone of
the agricultural drains are contiguous with the Sacranento River
and contain water and organisns originating fromthe Sacranento
River. A simlar hazard to sensitive aquatic invertebrates in
the Sacranmento River does not appear to have existed, especially
since 1987. Concentrations of carbofuran in the Sacramento River
have generally been bel ow detection levels (<0.1 pg/L to <1.0
Mg/ L) since 1987. Many sensitive aquatic invertebrates inhabit
t he upper Sacranento River including nysids and several species
of cl adocerans and copepods (L. Mecum Bay- Delta Speci al
Projects Division, California Departnment of Fish and Gane,
unpubl i shed data, Decenber 7, 1992).

Dat a Requirenents

Data were avail able for seven of the nine species
categories adapted from EPA (1985) recomendations for use in
deriving an FAV (Table 3). Acceptable acute toxicity tests are
necessary for one insect and a second insect or a species in a
phyl um ot her than Arthropoda or Chordata (Table 7). Acute
toxicity tests should be performed with the stonefly Pteronarcys
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californica and the anphi pod Gammarus sp., species resident in
the Sacranmento River drainage and Sacranent o- San Joaqui n Estuary.
A chronic toxicity test with the cladoceran C. dubia using
measured concentrations of carbofuran is necessary to better
define the FACR An acute toxicity test with the nysid M bahi a,
or a chronic toxicity test with the nysid N. nercedis are
reconmmrended to further refine the FACR and WX
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Table 7. Mninmumrequired and suggested data for a conplete
hazard assessnent of carbofuran to aquatic aninals.

Speci es? Acut e Test Chroni c Test
Stonefly required -----

Pt eronarcys californica

Scud required -----
Ganmar us sp.

cl adoceran  ----- required
Ceri odaphni a dubi a

Mysi dP suggested ~ ------
Mysi dopsi s bahi a

Wsid> - suggest ed
Neonysi s nercedis

2 These are the nost desirable species to test, but other
resident species that fulfill EPA data recomendati ons woul d
al so be accept abl e.

Ei ther an acute toxicity test wwith M bahia or a chronic
toxicity test wwith N. nercedis is suggested.
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APPENDI X A. Abstracts of accepted and unaccepted acute toxicity
tests reviewed for hazard assessnent.

Accepted acute toxicity tests - The following tests used accepted
t est net hods.

Brandt et al. (1992) - In 1988 and 1990, 96-h flowthrough acute
toxicity tests were conducted by the California Departnent of
Fish and Gane (CDFG on carbofuran technical (98.1% active

i ngredient) on juvenile and neonate nysid Neonysis nercedis (two
tests for each life stage). Testing standards from ASTM (1988h)
were generally used. Five concentrations of carbofuran were
tested in replicate and solvent controls were used. Wter

qual ity paraneters during the tests were: tenperature of 17 +
0. 5°C, dissolved oxygen of 90-100% of saturation, pH of 8.2, and
har dness of 250-400 ng/L as CaCQO;. Carbofuran exposure |evels
were neasured twice with an average neasured concentration of 92%
of nomnal. Control survival was greater than 90%in all cases.
The 96-h LG, values for juveniles were 21 and 27 pg/L. The 96-h
LG, val ues for neonates were 4.7 and 2.7 ug/L.

Caldwel I (1977), Caldwell (pers. comm) - In 1973 and 1974, 96-h
static toxicity tests were conducted by U. S. Environnental
Protection Agency (EPA) on carbofuran technical (% active

i ngredient not given) with first instar zoeae and adult dungeness
crabs Cancer magister. Six concentrations of carbofuran were

tested and there were acetone and water controls. Wter quality
parameters during the tests were: tenperature of 13 °C, pH of
7.8 (zoeae) and 7.5 (adult), dissolved oxygen of >7.0 ng/L
(zoeae) and 6.0 ng/L (adult), and salinity of 25 °/,. Contro
survival and the nmeasurenent of carbofuran exposure |evels were
not mentioned. The 96-h LGCs, values were 2.5 ug/L for zoeae and
190 pg/L for adults and the 96-h EGC;, val ue based on inhibition
of swimmng as effect criterion was 1.5 pg/L for zoeae.
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Faggella et al. (1990) - In 1988, a 96-h flowthrough toxicity
test was conducted by CDFG on carbofuran technical (98.1% active
i ngredient) with chinook sal non Oncor hynchus tshawytscha. ASTM
(1988b) test methods were used. Five concentrations of
carbofuran were tested in duplicate and a solvent control was

included. Water quality paraneters during the test were:
tenperature of 10.3 °C, Ph of 8.05, dissolved oxygen of 10.1
ng/ L, hardness of 130 ng/L, and alkalinity of 111 ng/L. Control
survival was >90% Carbofuran exposure | evels were neasured at
24 and 72 hours. The 96-h LG, value was 610 pg/L for

car bof ur an.

FMC (1985c) - In 1985, a 48-h static toxicity test was conducted
by Environnmental Science and Engineering, Inc. on carbofuran
technical (96.1% wth Eastern oyster Crassostrea virginica
|arvae. Internal |ab testing procedures were used. A geonetric

series of six concentrations of carbofuran (dilution factor of
0.6) were tested in replicate and sol vent and seawater controls
were used. Water quality paranmeters during the tests were:
tenperature of 22 +1°C, pH of 8.0-8.1, dissolved oxygen of 5. 3-
6.6 ng/L, and salinity of 21 °/,. Control survival was 100%in
both controls. The neasurenent of carbofuran exposure |evels was
not nentioned. The 48-h EGC, val ues based on a reduction in the
nunber of normal |arvae as effect criterion was >5.0 ng/L, the

hi ghest concentration tested.

Fujimura et al. (1991b) - In 1988 and 1989, four 96-h acute
toxicity tests were conducted by CDFG on carbofuran technical
(98.1% active ingredient) with larval and juvenile striped bass
Morone saxatilis. Test nethods recomended by ASTM (1988b) were
generally followed. Five concentrations of carbofuran were

tested in replicate and solvent controls were used. Wter
qual ity paraneters during the tests were: tenperature of 17-
19°C, Ph of 7.8-8.2, and hardness of 367-470 ng/L as CaCQ,.
Car bof uran exposure | evels were neasured at 24 and 72 hour
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intervals during the 96-h tests. Control survival varied from 90
to 100% The 96-h LGCs, val ues varied between 130 to 180 pg/L for
juveniles and 370 ug/L for |arvae.

Mayer and Ellersieck (1986), Dwyer and Sappington (pers. comm) -
From 1965 to 1985, 96-h static and flowthrough toxicity tests
wer e conducted by the Col unbia National Fisheries Laboratories of
the U S. Fish and Wldlife Service on carbofuran technical (99-
10099 with coho sal nron Oncorhynchus ki sutch, steel head (or

rai nbow) trout Oncorhynchus nykiss, brown trout Salno trutta,

fat head m nnow Pi nephal es pronel as, bluegill Lepom s macrochirus,
| ake trout Sal veli nus namaycush, and yel |l ow perch Perca

fl avescens. ASTM and EPA testing procedures were generally

foll owed. Four or nore concentrations of carbofuran were tested
in replicate and a solvent (acetone) control was used. Water
gqual ity paraneters during the tests averaged: pH of 7.1-9.5 and
har dness of 40-314 ng/L CaCGO;. Carbofuran exposure
concentrations were neasured at 24-h intervals. The 96-h LG,
values (in pg/L) were: coho salnon 530 (static), rainbow trout
380 and 600 (both static), brown trout 560 (static) and 280
(flowthrough), |ake trout 164 (flowthrough), fathead m nnow
1,990 and 872 (both static) and 1,180 (flowthrough), channel
catfish 248 (static), bluegill 88 (static), and yell ow perch 240,
120 and 400 (all static). Although dissolved oxygen | evels were
not given, these tests were accepted because ASTM and EPA
procedures were used and because of the reputation of the

| aboratori es.

Norberg-King et al. (1991), Norberg-King (pers. comm) - In 1990,
a renewal acute toxicity test was perforned on technical

carbofuran (98.1% active ingredient) with cladoceran Ceri odaphni a
dubia. EPA (1989) test methods were used. Five concentrations
of carbofuran were tested (dilution factor 0.5) and a water
control was included. Water quality paraneters were:

tenperature of 25+ 1°C, dissol ved oxygen | evels "adequate", pH of
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7.9 and hardness of 45-50 ng/L as CaCO,. Carbofuran exposure

| evel s were not neasured. Control survival was 100% The 48-h
LG value was 2.6 pug/ L. None of the test concentrations induced
partial nortality, and therefore confidence limts were not

cal cul at ed.

Parrish (1977) - In 1974 and 1975, a 96-h intermttent flow
toxicity test was conducted by Bionom cs, Inc. (under contract to
EPA) on carbofuran technical (9999 wth sheepshead m nnow

Cypri nodon variegatas. The bi oassay mnet hodol ogy of APHA (1976)
and EPA (1975) were used. Five concentrations of carbofuran were
tested in replicate and a solvent control was used. Wter
tenperature was 30 +1° C. Carbofuran exposure | evels ranged from
18-24% of nomnal. Control survival was 100% The 96-h LG

val ue was 386 ug/L .
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Unaccepted acute toxicity tests - The following tests did not use
accepted test nethods and/or produce accepted results.

Brown et al. (1979) - In 1978, 96-h static and intermttent flow
toxicity tests were conducted at Texas A & M University on
carbofuran technical (9999 with 6-week old catfish Ictalurus
punctatus. APHA (1971) testing procedures were followed. Tap
and rice paddy water were used for dilution water (two paddy
water tests for static conditions). Nunber of carbofuran
concentrations, neasuring carbofuran concentrations, and control

survival were not nentioned. Concentrations of carbofuran were
tested in replicate. Water quality paranmeters during the tests
were: tenperature of 23 °C, salinity of 0.5 °/, and pH of 8.5
(tap water) and 6.4 (paddy water), and "adequate" dissolved
oxygen levels. The 96-h LGy, val ues under static conditions
were: 1,420 pg/L (tap water), 130 pg/L (paddy water) and 370
Mg/ L (paddy water). The 96-h LGy val ues under flowthrough
conditions were: 510 pg/L (tap water) and 480 pg/L (paddy
water). These tests were not used due to lack of information on
test procedures and results, including control survival, nunber
and range of toxicants tested, and dissolved oxygen levels. Only
the test results fromtap water are listed in Table A-2.

Carter and Graves (1973) - In 1973, 96-h and 24-h static tests
wer e conducted on carbofuran (fornulation not given) with Wite
Ri ver crawfi sh Procanbarus acutus, bluegill Lepom s macrochirus,
nmosqui t of i sh Ganbusia affinis, channel catfish Ictal urus
punctatus, and bull frog Rana cat esbei ana tadpoles. APHA testing
procedures were used. Tests were perforned on 5 replicate
concentrations of carbofuran for crawfish and 2 replicate
concentrations for the other species. Witer quality paraneters
during the test were: tenperature of 23-26 °C, and dissol ved
oxygen of 7-10 ng/L. Controls, control survival, exposure

regi me, and carbofuran exposure neasurenents were not nentioned.
The 96-h LG, val ues ranged from80 pg/L for bluegill to 2,700
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pg/ L for bullfrog tadpoles. These tests was not used because
i nformation on control survival and the nunber and range of
toxi cant |levels tested was not given.

Cheah et al (1980), Graves (pers. comm) - In 1980, 96-h static
tests were perforned at Louisiana State University on carbofuran
technical with juvenile red swanp crawfi sh Procanbarus clarkii.
EPA testing procedures were used. Four to seven concentrations
of carbofuran were tested in replicate three tines. Three
solution controls were used. Water quality paraneters were:
tenperature of 30+3°C, dissolved oxygen maintai ned by aeration,
pH of 8.4, and hardness of 100 ng/L as CaCQO;. Carbofuran
exposure |l evels were apparently not neasured. Control survival
averaged 95% (| owest was 86.7% . The 96-h LG, value for the
crawfi sh was 500 pug/ L. This data was not used because
tenperature variati on was too great.

Dad et al. (1982) - In 1982, 96-h static tests were conducted on
Fur adan® (3% carbofuran formulation) with tubificid worns Tubifex
tubi fex and Li modrilus hoffneisteri. APHA (11971) testing

procedures were used. Ten concentrations of carbofuran were
tested in replicate. A control was also tested (addition of
solvent in control was not nentioned). Water quality paraneters
during the test were: tenperature of 18+ 0.3°C, dissolved oxygen
of 8.5 + 0.3 ng/L, pH of 8.15+ 0.3, and hardness of 165 + 5 ngy/L
as CaCO,. Carbofuran exposure |levels were apparently not
neasured and control survivals were not nentioned. The 96-h EC
values for T. tubifex and L. hoffneisteri were: 14,000 pg/L and
11,000 pg/ L, respectively. These data were not used because of
no control survival data and a forrmulation with a | ow percentage
of carbofuran was used.
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Davey et al. (1976) - From 1973 to 1975, 72-h static toxicity
tests were conducted at the University of Arkansas on carbofuran
(399 with adult nosquitofish Ganbusia affinis and juvenile green
sunfish Lepom s cyanellus. Concentrations of carbofuran were
tested in replicate three tines, and solvent controls were

i ncluded. Water quality paraneters, nunber of treatnents,

car bof uran exposure | evel neasurenents, and control survival were
not mentioned. The 72-h LGCs, value was 0.52 ng/L for

nmosqui tofish and 0.16 ng/L for green sunfish. These data were
not used because the exposures weren't 96 hours and essenti al

i nformation on control survival, water quality paraneters, and
exposure | evel s was not given.

FMC (1985a) - In 1985, a 96-h flowthrough toxicity test was
conducted by Environmental Science and Engi neering, Inc. on
carbofuran technical (96.1% with Atlantic silverside Menidia
meni dia. ASTM (1980) testing procedures were used. A geonetric
series of six concentrations of carbofuran (dilution factor of
0.5) were tested in replicate. Natural seawater and acetone
controls were included. Water quality paraneters during the test
were: tenperature of 22-24 °C, pH of 7.5-8.3, dissolved oxygen
of $ 52% saturation, and salinity of 20 °/,. Control survival
was 100% in both the solvent control and seawater control
Car bof uran exposure | evels were neasured on day 0 and day 4 and
averaged 72% of nom nal concentrations. The 96-h LGCs val ue was
49 pg/L. This test was not accepted because di ssol ved oxygen

| evel s were too | ow

FEMC (1985b) - In 1985, a 96-h flowthrough toxicity test was
conducted by Environmental Science and Engi neering, Inc. on
techni cal carbofuran (96.1% w th pink shrinp Penaenus duorarum
Internal lab testing procedures were used. Five concentrations
of carbofuran (dilution factor of 0.5) were tested in replicate.
Acetone and seawater controls were included. Water quality
parameters during the tests were: tenperature of 24 °C, pH of
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7.7-8.0, dissolved oxygen of $ 65% saturation, and salinity of 22
°/ oo Carbofuran exposure |evels were neasured at 0 and 96 hours
during the test and averaged 85% of nom nal (range: 80-90% .
Survival was 100% for both controls. The 96-h LGy, val ue was 12
pg/ L. This value was not used because the tenperature dropped to
15 °C during the first 24 hours of the test, thus possibly
putting stress on the test organism

Hart man and Martin (1985) - In 1984, 48-h static toxicity tests
were conducted by the U S. Fish and Wldlife Service on Furadan 4
(40. 6% carbofuran) with adult cladoceran Daphnia pul ex. EPA
(1975) testing procedures were followed. Three concentrations of

carbofuran (dilution factor 0.1) were tested in replicate and one
wat er control was used. Water quality parameters during the test
were: tenperature of 15 °C, pH of 7.6, and hardness of 282 ng/L
CaCO;. The neasurenent of carbofuran exposure | evel and control
survival were not nentioned. The 48-h EC,, val ues based on
nortality were 35 pg/L without suspended sedi nent and 45 pg/L

wi th suspended sedi nent. These val ues were not used because the
test description failed to report control survival and dissol ved
oxygen levels, only three concentrations of carbofuran were
tested, and a fornulation with a | ow percentage of carbofuran was
used.

Johnson (1986), Johnson (pers. comm) - In 1986, 48-h static
toxicity tests were conducted by the U S. Fish and Wldlife
Service on technical carbofuran (99% active ingredient) with

first instar cladoceran Daphnia nagna and fourth instar m dge
Chirononus riparius. EPA (1975) testing procedures were used for
testing. Three concentrations of carbofuran were tested with
four replicates and a control was used. Water quality paraneters
for both tests were: tenperature of 20+1°C, pH of 7.2, hardness
of approximately 30 ng/L as CaCO; and al kalinity of 35 ng/L as
CaCO,. Survival of cladoceran controls was 100%  Survival of

m dge controls was not nentioned. Measurenent of carbofuran
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exposure |l evels were not nentioned. The 48-h EGC,, val ues for
cl adoceran and mi dge were 48 and 56 pg/L, respectively. These
tests were not used because only three concentrations of

car bofuran were tested.

Kornak and Collins (1974) - In 1974, a 24-h static toxicity test
was performed on technical carbofuran (>90% active ingredient)
with larvae m dge Chirononmus tentans. No recogni zed testing
procedures (i.e., ASTM EPA, APHA) were used. Concentrations of
carbofuran were tested in triplicate and a control was i ncl uded.
Wat er tenperature was nmai ntained at 22°C. Dissolved oxygen was
mai ntai ned by "gentle aeration”. Masurenent of carbofuran
exposure |l evels and survival of controls were not nentioned. The
24-h LG, value was 1.6 pg/L (based on no response to prodding)
and 0.7 pg/L (based on non-responsive and nori bund i ndi vi dual
counts). These val ues were not used because the nunber of
concentrations, dilution factor, and control survival were not
menti oned and the test was only 24 hours in duration.

Mayer and Ellersieck (1986), Dwyer and Sappington (pers. comm) -
Bet ween 1965 and 1985, a 96-h static toxicity test was conducted
by the Col unbi a National Fisheries Laboratories of the U S. Fish
and Wldlife Service on carbofuran fornulation (50% active
ingredient) with the bluegill Lepom s macrochirus. ASTM and EPA
testing procedures were generally followed. Concentrations of
carbofuran were tested in replicate and there was a sol vent
(acetone) control. Water quality paraneters during the test were
pH 7.1-9.5, and hardness 40-44 ny/L CaCO,. Toxi cant
concentrations were neasured at 24-h intervals. The 96-h LG,

val ue was 240 pg/L. This test was not accepted because a
formulation with a | ow percentage of carbofuran was used.

Pawar and Katdare (1984) - In 1983, 96-h static toxicity tests
wer e conducted at University of Poona, India, on carbofuran
technical (75% active ingredient) with frog Mcrohyla ornata
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enbryos and tadpoles. No recogni zed testing procedures (i.e.,
ASTM APHA, EPA) were used. Six concentrations of carbofuran
were tested in replicate four tinmes and a solvent control was
used. Measurenents of water quality parameters and carbofuran
exposure |l evels were not nentioned. Control survival was 97.5%
The 96-h LG, val ues for enbryos and tadpol es were 44,230 and
13,470 pg/ L, respectively. These values were not used because
di ssol ved oxygen and tenperature | evels were not reported, and a
formulation with a | ow percentage of carbofuran was used.

Verma et al. (1980) - In 1979, 96-h toxicity tests were perforned
at the Pollution Rel evant Research Laboratory of D. A V. College
in India on Furadan® (75% active ingredient) with catfish Mystus
vittatus. A previous test done by the sane researcher was used
as a nethod guide. The nunber and | evels of carbofuran
concentrations tested, water quality paranmeters, control

survival, and carbofuran exposure | evel neasurenents were not

ment i oned. The 96-h LG, value was 310 pg/L. This val ue was

not used because a fornmulation with a | ow percent age of

carbofuran was used, nost of the test paranmeters were not
reported, and this species is not found in the United States.

Verma et al. (1982) - In 1982, 96-h static toxicity tests were
performed at the D.A V. college in India on Furadan® (75% acti ve
ingredient) with the freshwater fish Saccobranchus fossilis.
APHA (1971) testing nethods were used. A logarithmc series of
carbofuran concentrations were tested in replicate, and a sol vent
control was used. Water quality paranmeters during the test were:
tenperature of 18.2+ 2°C, pH of 7.2 + 0.2, dissolved oxygen of
4.84 mg/ L (approxi mately 50% saturation), hardness of
approximately 50 ng/L as CaCQO;, and of alkalinity 59 ng/L as
CaCO;. Measurenents of carbofuran exposure | evels were not

menti oned. Control survival was 100% The 96-h LG, val ue was
547 pg/ L. This value was not used because a forrmulation with a

| ow percentage of carbofuran was used, and di ssol ved oxygen
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| evel s were bel ow 60%
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Tabl e aA-1.

Val ues (upg/L) from accepted tests on the acute toxicity of carbofuran to aquatic animals.

Life Salinity/ Test Val ues
Speci es St age Met hod? Formul ati on Har dness Length Effect (95% C. L. ") Ref erence
Bl uegi | | Juv S, M Techni cal 40 ng/L 96- h LCso 88 (75-104) Mayer and
Lepom s macrochirus (99% as CaCQ, El | ersi eck 1986
Brown trout Juv S, M Techni cal 44 nmg/L 96- h LCso 560 (475-660) Mayer and
Salnmo trutta (99% as CaCQ, El | ersi eck 1986
Brown trout Juv F, M Techni cal 314 mg/ L 96- h LCso 280 (204-382) Mayer and
Salnmo trutta (99% as CaCQ, El | ersi eck 1986
Channel catfish Juv S, M Techni cal 44 nmg/L 96- h LCso 248 (94-649) Mayer and
I ctal urus punctatus (99% as CaCQ, El | ersi eck 1986
Chi nook sal non Juv F, M Techni cal 130 ng/L 96- h LCso 610 (490-800) Faggella et al.
Oncor hynchus (98. 1% as CaCQ, 1990
t shawyt scha
Cl adocer an Neonat e S, U Techni cal 45-50 ng/L 48-h LCso 2.6 (---)¢ Nor ber g- Ki ng
Ceri odaphni a dubi a (98. 1% as CaCQ, et al. 1991
Coho sal non Juv S, M Techni cal 44 nmg/L 96- h LCso 530 (432-650) Mayer and
Oncor hynchus ki sutch (99% as CaCQ, El | ersi eck 1986
Dungeness crab Zoeae S, U Techni cal 25 °f 4 96- h LCso 2.5 (---)° Cal dwel I 1977
Cancer nmgi ster (96. 1% ECso 1.5 (---)
Dungeness crab Adul t S, U Techni cal 25 °f 4 96- h LCso 190 (---)°P Cal dwel I 1977
Cancer nmgi ster (96. 1%
East ern oyster Enmbryo, S, U Techni cal 21 °f 4 48-h ECs, >5,000 (--) FMC 1985c
Crassostrea Larvae (96. 1%
virginica
Fat head m nnow Juv S, M Techni cal 44 nmg/L 96- h LCso 1,990 (1385-2859) Mayer and
Pi mephal es pronel as (99% as CaCQ, El | ersi eck 1986
Fat head m nnow Juv S, M Techni cal 44 nmg/L 96- h LCso 872 (479-1590) Mayer and
Pi mephal es pronel as (99% as CaCQ, El | ersi eck 1986




Tabl e A-1. -2-

Life Salinity/ Test Val ues (ug/L)
Speci es St age Met hod? Formul ati on Har dness Length Ef f ect (95% C. L. ") Ref erence
Fat head m nnow Juv F, Techni cal 314 mg/ L 96- h LCso 1,180 (813-1711) Mayer and
Pi mephal es pronel as (99% as CaCQ, El | ersi eck 1986
Lake trout Juv F, Techni cal 314 mg/ L 96- h LCso 164 (119-226) Mayer and
Sal vel i nus namaycush (99% as CaCQ, El | ersi eck 1986
Mysi d Juv F, Techni cal 250-400 ny/L 96- h LCso 21 (17-25) Brandt et al.
Neonysi s nercedis (98. 1% as CaCQ, 1992
Mysi d Juv F, Techni cal 250-400 ny/L 96- h LCso 27 (22-33) Brandt et al.
Neonysi s nercedis (98. 1% as CaCQ, 1992
Mysi d Neo- F, Techni cal 250-400 ngy/L 96- h LCso 4.7 (4.2-5.1) Brandt et al.
Neonysis nercedis nate (98. 1% as CaCQ, 1992
Mysi d Neo- F, Techni cal 250-400 ng/L 96- h LCso 2.7 (2.5-5.2) Brandt et al.
Neonysis nercedis nate (98. 1% as CaCQ, 1992
Rai nbow trout Juv S, Techni cal 44 nmg/L 96- h LCso 380 (272-531) Mayer and
Oncor hynchus nyki ss (99% as CaCQ, El | ersi eck 1986
Sheepshead m nnow --- F, Techni cal 21 °f 4 96- h LCso 386 (311-480) Parri sh
Cyprinodon vari egat us (99% 1977
St eel head Juv S, Techni cal 44 nmg/L 96- h LCso 600 (436-826) Mayer and
Oncor hynchus nyki ss (99% as CaCQ, El | ersi eck 1986
Striped bass Juv F, Techni cal 381 ng/ L 96- h LCso 130 (110-150) Fujimura et al.
Morone saxatilis (98. 1% as CaCQ, 1991b
Stri ped bass Juv F, Techni cal 367 nmg/ L 96- h LCso 160 (130-200) Fujimura et al.
Morone saxatilis (98. 1% as CaCQ, 1991b
Striped bass Larvae F, Techni cal 470 nmg/ L 96- h LCso 370 (320-440) Fujimura et al.
Morone saxatilis (98. 1% as CaCQ, 1991b
Striped bass Juv F, Techni cal 390 ng/ L 96- h LCso 180 (160-200) Fujimura et al.
Morone saxatilis (98. 1% as CaCQ, 1991b




Tabl e A-1. -3-

Life Salinity/ Test Val ues (ug/L)
Speci es St age Met hod? Formul ati on Har dness Length Ef f ect (95% C. L. ") Ref erence
Yel | ow perch Juv S, M Techni cal 44 nmg/L 96- h LCso 240 (208-277) Mayer and
Perca fl avescens (99% as CaCQ, El | ersi eck 1986
Yel | ow perch Juv S, M Techni cal 44 nmg/L 96- h LCso 120 (82-176) Mayer and
Perca fl avescens (99% as CaCQ, El | ersi eck 1986
Yel | ow perch Juv S, M Techni cal 42 nmg/L 96- h LCso 400 (289-553) Mayer and
Perca fl avescens (99% as CaCQ, El | ersi eck 1986

Static

CcCZTw;m

Fl owt hr ough _
Measured concentrations
Unnmeasur ed concentrations

b Confidence linits in parenthesis

¢ Not generated (see abstracts in Appendix A)



Table A-2. Values (upg/L) from unaccepted tests on acute toxicity of carbofuran to aquatic ani mals.

Life Salinity/ Test Val ues (ug/L) Test
Speci es St age Met hod? Formul ati on Har dness Length Effect (95% C.L.Y Ref erence Defi ci enci es®
Atlantic silverside Juv F, M Techni cal 18- 19°/ 96- h LCso 49 (38-72) FMC 1985a 1
Meni di a nmeni di a (96. 1%
Bl uegi I | Juv S, U Fur adan® 2-5 ng/ L 96- h LCso 80 (--) Carter and 2
Lepom s macrochirus (99% as CaCo, Graves 1973
Bl uegi I | Juv S M Techni cal 44 ny/ 96- h LCso 240 (186-310) Mayer and 3
Lepom s macrochirus (50% as CaCo, El |l ersi eck 1986
Bul | frog Tadpol e S, U Fur adan® 2-5 ng/ 96- h LCso 2,700 (--) Carter and 2
Rana cat esbei ana (--) as CaCo, Graves 1973
Catfish --- F, U Fur adan® --- 96- h LCso 310 (--) Verma et al. 2,3
Mystus vittatus (75% 1980
Channel catfish Juv S, U Fur adanR® 2-5 ng/ L 24-h LCso 2,030 (--) Carter and 2
I ctal urus punctatus (--) as CaCo, Graves 1973
Channel catfish Juv F, U Techni cal --- 96- h LCso 510 (460-560) Brown et al. 2
I ctal urus punctatus (99% 1979
Channel catfish Juv S, U Techni cal --- 96- h LG, 1420 (1, 290-1, 700) Brown et al. 2
I ctal urus punctatus (99% 1979
Cl adocer an Adul t S, U Fur adan® 282 ng/ L 48-h ECs, 35(26.8-45.8) ¢ Hart man and 2,3, 4
Daphni a pul ex (40.6% as CaCo, 45(33.1-61.1)¢ Martin 1985
Cl adocer an 1st S, U Techni cal 30 mg/L 48-h ECso 48(35-64) Johnson 1986 4
Daphni a magna i nst ar (99% as CaCo,
Frog --- S, U Techni cal --- 96- h LCso enbryo 44, 230 Pawar and 1,5
M crohyl a ornata (--) t adpol e 13,470 Kat dare 1984
Green sunfish Juv S, U Car bof ur an ---- 72-h LCso 160 (100-210) Davey et al. 3,6
Lepom s cyanel | us (3% 1976
M dge 4t h S, U Techni cal 30 mg/ L 48-h ECso 56 (31-99) Johnson 1986 4
Chi rononus i nst ar (99% as CaCo,

ri parius




Table A-2. -2-

Life Salinity/ Test Val ues (ug/L) Test
Speci es St age Met hod? Formul ati on Har dness Length Ef f ect (95% C. L. ") Ref erence Defi ci enci es®
M dge Larvae S, U Techni cal --- 24-h LCso 1.6 (--0 Kor nak and 2,6
Chi rononus tentans (>90% 0.7F (--) Col l'ins 1974
Mosqui t of i sh Juv S, U Fur adanR® 2-5 ng/ L 96- h LCso 300 (--) Carter and 2
Ganmbusia affinis (--) as CaCo, Graves 1973
Mosqui t of i sh Adul t S, U Car bof ur an ---- 72-h LCso 520 (450-570) Davey et al. 2,6
Ganmbusia affinis (3% 1976
Pi nk shrinp Adul t F, M Techni cal 22 9 4 96- h LCs 12 (9.4-14.0) FMC 1985b 5
Penaenus duorarum (96. 1%
Red swanp crawfish Juv S, U Techni cal 100 ng/L 96- h LCso 500 (--) Cheah et al. 5
Procanbarus cl arkii (--) as CaCo, 1980
Saccobr anchus --- S, U Fur adan® 50 mg/L 96- h LCso 547 (470-637) Verma et al. 3,1
fossilis (75% as CaCo, 1982
Tubificid worm --- S, U Fur adan® 165 nyg/L 96- h ECso 14,000 (--) Dad et al. 2,3
Tubi fex tubifex (3% as CaCo, 1982
Tubificid worm --- S, U Fur adanR® 165 ny/L 96- h ECs, 11,000 (--) Dad et al. 2,3
Li modrilus hof fneisteri (3% as CaCo, 1982
White River crawfish Juv S, U Fur adanR® 2-5 ng/ L 96- h ECs, 500 (--) Carter and 2
Procanmbarus actutus (--) as CaCo, Graves 1973
a Static Di ssol ved oxygen |l evel too | ow e Wth sedinment

Fl ow-t hr ough _
Measured concentrations
Unmeasur ed concentrations

czTnon

b Confidence limts in parenthesis

OURAWNE

d Wt hout

Essential test information not
Forrmul ation tested <80% a.i .

I nsuf ficient nunber of concentrations tested
Tenperature variation too w de

Test duration <96-h

gi ven

sedi ment

Based on conbi ned
nor i bund and
deat h counts



APPENDI X B. Abstracts of accepted and unaccepted chronic
toxicity tests reviewed for hazard assessnent.

Accepted chronic toxicity tests - The follow ng tests used
accepted test nethods.

Caldwel I (1977) - In 1974, 70-d and 90-d flowthrough toxicity
tests were conducted by EPA on carbofuran technical (% not given)
with zoeae (70-d) and adult (90-d) dungeness crabs Cancer

magi ster. Four replicates of three concentrations were tested
with zoeae. Two replicates of four concentrations were tested
with adults. The dilution factor of carbofuran in both tests was
0.1. Solvent and dilution water controls were included. Water
qual ity paraneters during the tests were: tenperature 12.3 °C
(zoeae) and 10.0 °C (adult), pH 8.1 (zoeae) and 7.9 (adult),

di ssol ved oxygen 8.7 ng/L (zoeae) and 8.2 ng/L (adult), and
salinity 28.8 °/, (zoeae) and 25.4 °/, (adult). Control survival
with and without solvent was >80% for adults and <60% for zoeae.
Measur ed carbofuran concentrations averaged 81. 3% of nom nal
concentrations for tests with adults (range: 68-94% and 136% of
nom nal concentrations for tests with zoeae (range: 126-146% .

Al t hough survival of zoeae controls declined dramatically after
50 days of testing, the dose response relationship was very
clear. Conplete (100% nortality occurred at the LOEC exposure

l evel (5 pg/L) and test species survival at the NOEC exposure
level (0.5 pg/L) approximated that of control survival. The NOEC
and LOEC val ues, based on survival, were 0.5 and 5 pg/L for zoeae
and 25 and 250 pg/L for adults.

FMC (1981b) - In 1981, a 101-d flowthrough enbryos-to-fry
toxicity test was conducted by Anal ytical Biochem stry

Laboratories, Inc. on carbofuran technical (96.1% wth rainbow
trout Oncorhynchus nykiss. ASTM (1979) and EPA (1972) testing
procedures were followed. Five concentrations of carbofuran
(dilution factor of 0.5) were tested with four replicates.
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Acetone and water controls were included. Wter quality
parameters during the test were: tenperature of 10 °C (eggs) and
12 °C (fry), pH of 8.1, dissolved oxygen of 7.8 ng/L, and ammoni a
of 0.53 ng/L. Control survival was 100% for both controls.
Concentrations of carbofuran were neasured on days 0, 1, 5, 10,
and every 10 days after and averaged 136% of nom nal
concentrations (range: 114-144% . The NOEC and LOEC val ues,
based on percentage of eggs hatched was 24.8 and 56.7 pug/L.

FMC (1982) - In 1982, a 21-d flowthrough life-cycle toxicity
test was conducted by Anal ytical Biochem stry Laboratories, Inc.
on carbofuran technical (95.6% wth first instar of the

cl adoceran Daphnia magna. ASTM (1979, 1987), EPA (1975), and

U S. Federal Register (1978) testing procedures were foll owed.
Fi ve concentrations of carbofuran (dilution factor 0.5) were
tested with four replicates. A solvent control was al so
included. Water quality paraneters during the test were:
tenperature of 20 °C, pH of 8.1-8.7, and di ssol ved oxygen of 6.5-
7.9 mg/L. Control survival averaged 93% Toxi cant
concentrations were nmeasured on days 0, 4, 7, 14, and 21 but were
not conpared with nom nal concentrations. The NOEC and LOEC

val ues based on survival were 9.8 and 27 pg/L, respectively.

FMC (1987) - In 1987, a 28-d flowthrough life-cycle toxicity
test was conducted by Enseco, Inc. on carbofuran technical

(98.6% with <24-hr old Mysidopsis bahia. ASTM (1987) testing
procedures were followed. Five concentrations of carbofuran were
tested with two replicates. A water control was al so incl uded.
Water quality paranmeters during the test were: tenperature of 27
+1°C (on days 14 and 15 tenperature was ranged from 25 to

27.6°), pH of 8.0, and average di ssol ved oxygen of 4.9 ng/L.

The average di ssol ved oxygen was above 60% of saturation 94% of
the tine. D ssolved oxygen concentration was at | east 56%the
other 6% of the time. Control survival averaged 77.5% Toxi cant
concentrations were nmeasured on days 4, 7, 10, 14, 17, 21, and
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28. The NCEC and LCEC val ues based on survival were 0.4 and 0.98
pg/ L, respectively. Although tenperature varied nore than 2° C
and di ssol ved oxygen concentrations dropped bel ow 60%this test
was accepted because the tenperature and di ssol ved oxygen

devi ations were slight and of short duration.

Fujinmura et al. (1990) - In 1989, a 75-d flowthrough enbryos-to-
fry toxicity test was perforned by CDFG on carbofuran technical
(98.1% w th chinook sal non Oncorhynchus tshawt scha. ASTM
(1988a) bi oassay standards were generally followed. Five
concentrations of carbofuran were tested in replicate. Water and

sol vent controls were used. Water quality paraneters during the
test were: tenperature of 10.2 °C, pH of 8.3, dissolved oxygen
of 9.75 ng/L, and hardness of 83 ng/L as CaCoQ.. Car bof ur an
concentrations were neasured twi ce weekly during the test and
averaged 97% of nom nal (range: 92-104% . Control survival was
99% The 75-d NOEC and LOEC val ues based on growmh were 9.2 and
17 pg/ L, respectively.

Parrish et al. (1977) - In 1974 and 1975, a 131-d fl owthrough
enbryos-to-fry toxicity test was conducted by Bionom cs, |Inc.
(under contract to EPA) on carbofuran technical (99% wth
sheepshead m nnows Cyprinodon variegatus. APHA (1976) and EPA
(1975) testing procedures were followed. Five concentrations of

carbofuran (dilution factor of 0.5) were tested in replicate.
Acetone and water controls were used. Water tenperature was

30 °C. Control survival was 93%for both controls. Carbofuran
exposure | evels were neasured and ranged from 18 to 24% of

nom nal concentrations. The NOEC and LOEC val ues, based on
survival and hatching success were 23 and 49 ug/L, respectively.
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Unaccepted chronic toxicity tests - The followi ng tests used
unaccepted test nethods and/or produced unaccepted results.

FMC (1981a) - In 1981, a 14-d flowthrough toxicity test was
conducted by Analytical Biochem stry Laboratories, Inc. on
carbofuran technical (96.1% wth juvenile rai nbow trout

Oncor hynchus nykiss. APHA (1976) and EPA (1975) testing
procedures were used. Five concentrations of carbofuran
(dilution factor 0.5) were tested. A dilution water control was
i ncluded. The nunber of replicates tested for each concentration
was not nentioned. Water quality paraneters during the test
were: tenperature of 12 °C, pH of 7.8, dissolved oxygen of 9.2
ng/ L, and anmonia of < 0.6 ng/L. Control survival was 100%

Toxi cant concentrations averaged 87% of nom nal concentrations
(range: 78-110%. The NOCEC and LOEC val ues based on the | oss of
equilibrium were 56 and 98 ug/L, respectively. This test was

not used because the test duration was not a significant portion
of the rainbow trout |ife-cycle.

| sensee and Tayaputch (1986) - In 1985, a 60-d chronic

m croecosystemtoxicity test was conducted on carbofuran
technical (97% which included nosquito fish Ganbusia affinis.
Two concentrations of carbofuran were tested in replicate three

times. Two controls were included. Water quality paraneters
were not nentioned. Carbofuran exposure |evels were neasured on
5 occasions resulting in values which were 39 to 98% of nom nal
No NOEC or LCEC val ues were given and unexpl ai ned mass nortality
occurred in the control and treatnment groups during the test.

Johnson 1986 - In 1986, a 30-d microcosmtest was conducted by
the U S. Fish and Wldlife Service with technical carbofuran (99%
active ingredient) which included first star instar Daphnia

magna. EPA (1975) testing procedures were used. Four replicates
of three concentrations of carbofuran were tested with a control.

Water quality paranmeters were: tenperature 20+ 1°C, pH 7.2, and
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al kalinity 35 ng/L as CaCO;. The researcher (contacted by phone)
was unable to obtain informati on on control survival and NOEC and
LOEC val ues.

Norberg-King et al. (1991), Norberg-King (pers. comm) - In 1990,
7-d static chronic tests were perforned on technical carbofuran
(98. 1% active ingredient) with cladoceran Ceriodaphni a dubi a.

Fi ve concentrations of carbofuran were tested (dilution factor
0.5) and a water control was included. Water quality paraneters
were: tenperature of 25+ 1°C, dissol ved oxygen |evels
"adequate", pH of 7.9 and hardness of 45-50 ng/L as CaCoQ..
Car bof uran exposure | evels were not neasured. Control survival
was 100% The 7-d NOEC and LOEC val ues based on survival were
2.6 and 1.3 ug/L, respectively. This test was not accepted
because carbofuran exposure | evels were not neasured.
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Tabl e B-1. Va

ues (pg/ L) from accepted tests on chronic toxicity of carbofuran to aquatic ani mals.

Life Salinity/ Test Val ues
Speci es St age Met hod? Formul ati on Har dness Length Ef f ect (95% C. L. ") Ref erence
Cl adocer an 1st F, M Techni cal 255 mg/ L 21-d NOEC 9.8 FMC 1982
Daphni a magna i nst ar (95.6% as CaCO LOEC 27
Chi nook sal non Embryos- F, M Techni cal 83 nmg/L 75-d NOEC 9.2
Fuj i mura
Onchor hynchus Fry (98. 1% as CaCQ, LOEC 17
et al. 1990
t shawyt scha
Dungeness crab Adul t F, M Techni cal 25.4 °f 90-d NOEC 25
Cal dwel |
Cancer nmgi ster (96. 1% LOEC 250
1977
Dungeness crab Zoeae F, M Techni cal 28.8+1. 4 70-d NOEC 0.5 Cal dwel |
Cancer nmgi ster (96. 1% °/ oo LOEC 5.0 1977
Mysi d 24-h F, M Techni cal 28- 30 ©ofoo 28-d NOEC 0.4 FMC
Mysi dopsi s bahi a (98.6% LOEC 0.98 1987
Rai nbow trout Embryos- F, M Techni cal 255 mg/ L 101-d NOEC 24.8
FMC
Oncor hychus nyki ss Fry (96. 1% as CaCQ, LOEC 56.7
1981b
Sheepshead m nnow Enbryos- F, M Techni cal (--) 131-d NOEC 23.0
Parrish
Cypri nodon Fry (99% LOEC 49.0
et al. vari egat us
1977
a
S = Static
F = Fl ow-t hrough
M = Measured concentration
U = Unneasured concentration

b Confidence linits in parenthesis



Tabl e B-2. Values (ug/L) fromunaccepted tests on chronic toxicity of carbofuran to aquatic ani mals.

Life Salinity/ Test Val ues Test
Speci es St age Met hod? Formul ati on Har dness Length Effect (95% C. L. ") Ref erence Deficiencies®
Cl adocer an 1st C U Techni cal --- 30-d NOEC/ LCEC none Johnson 1986 1
Daphni a magna i nst ar (99% a.i.) gi ven
Mosquito fish --- C u Techni cal --- 60-d NOEC/ LOEC none | sensee and 1,2
Ganmbusia affinis (97% a.i.) gi ven Tayaputch 1986
Rai nbow trout Juv F, M Techni cal 255 ng/ L 14-d NOEC 56.0 FMC 1981a 3
Oncor hynchus nyki ss (96. 1% as CaCo, LOEC 98. 0
Cl adocer an Neonate S, U Techni cal 45-50 ng/L 7-d  NOEC 1.3 Nor ber g- 1
Ceri odaphni a dubi a (98. 1% as CaCo, LOEC 2.6 King et al.

1991

a C = Mcrocosm
S = Static
F = Flow t hrough
M = Measured concentrations
U = Unneasured concentrations

b Confidence limts in parenthesis

C

Essential information not given
Unexpl ai nabl e mass nortality in contro

1
2
3 Test | ength unacceptable



APPENDI X C. Abstracts of aquatic plant toxicity tests revi ewed
for hazard assessnent.

Hart man and Martin (1985) - In 1984, 14-d and 48-h static tests
were conducted by the U S. Fish and Wldlife Service on Furadan®
(40.6% active ingredient) with sago pondweed Pot anbget on
pectinatus and little duckweed Lemma m nor, respectively. Little
duck weed was tested with and without sedinment. No major

recogni zed testing standards were used. Three carbofuran
concentrations were tested in replicate and a control was used

wi th pondweed tests. Six concentrations of carbofuran and a
control were tested with and wi thout sedinent with duckweed
tests. Water tenperature was nmintai ned at 22°C. Measurenent of
car bof uran exposure | evels was not nentioned. Neither the 14-d
nor the 48-h tests showed significant growmh inhibition at any of
the carbofuran levels (< 10 ng/L) tested. Thus, the effect

val ues for both plants were > 10 ng/L carbofuran.

Johnson (1986) - In 1986, a 30-d microcosmtest was conducted by
the U S. Fish and Wldlife Service with technical carbofuran (99%
active ingredient) which included green alga Sel enastrium
capricornutum EPA (1975) testing procedures were used. Four
replicates of three concentrations of carbofuran were tested with
a control. Water quality paranmeters were: tenperature of 20+
1°C, pH of 7.2, and alkalinity of 35 ng/L as CaCO,. Treatnents

wi th higher concentrations of carbofuran exhibited higher growth
rates.

Kar and Singh (1978) - In 1978, a 10-d static toxicity test was
conducted by the Central Rice Research Institute, India on

Fur adan® (3% active ingredient) with blue-green al ga Nostoc
muscorum No recogni zed testing procedures were used. N ne
concentrations of carbofuran were tested. Water tenperature was
24+2°C. Measurenent of carbofuran exposure |evels was not

menti oned. The 10-d NOEC and LOEC val ues were approxi mated as 50
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and 100 ng/L, respectively. A fornulation with a | ow percentage
of carbofuran was used.

Megharaj et al. (1989) - In 1989, 32-d toxicity tests were
conducted on technical carbofuran (75% active ingredient) with
green al ga Scenedesnus m jugatus. Bioassay procedures of

Goul ding and Ellis (1981) were used. Seven concentrations of
carbofuran (1, 2, 5, 10, 20, 50 and 100 ng/L) were tested in
triplicate. A water control was included. Witer tenperature was
28 + 4°C and di ssol ved oxygen | evel s were mai ntai ned by shaki ng
the test containers four times a day. Measurenent of carbofuran
exposure |l evels was not nentioned. The 6-d NOEC and LOEC val ues
based on growth, were 5 and 10 ny/L, respectively. The 32-d NOEC
and LOEC val ues were 10 and 20 ng/L, respectively.
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Table C-1. Values (pg/L) fromtests on toxicity of carbofuran to aquatic plants.

Life Salinity/ Test Val ues (ug/L) Test
Speci es St age Met hod? Formul ati on Har dness Length Effect (95% C. L. ") Ref erence Defi ci enci es®
Bl ue- green al ga --- S, U Fur adanR® --- 10-d NOEC 50 Kar and Si ngh 1
Nost oc nmuscorum (3% a.i.) LOEC 100 1978
Green al ga --- S, U Techni cal --- 6-d NOEC 5, 000 Megharaj et al 2
Scenedesnmus bij ugat us (75% a.i.) LOEC 10, 000 1989
32-d NOEC 10, 000
LOEC 50, 000
Green al ga --- S, U Techni cal --- 30-d Johnson 1986 3
Sel enastrium capri cornutum (99% a.i.)
Little duckweed --- S, U Fur adan® 282 ng/ L 48-h ECso >10, 000 Hart man and 1,3
Lema ni nor (40.6% a.i.) as CaCO; Martin 1985
Sago pondweed --- S, U Fur adan® 282 ng/ L 14-d LOEC >10, 000 Hart man and 1,3
Pot anbget on peci nat us (40.6% a.i.) as CaCO; Martin 1985

Static

Fl ow t hr ough

Measur ed concentrations
Unnmeasur ed concentrations

cCZTw;m

b Confidence limts in parenthesis

Formul ation with a | ow percentage of carbofuran was used in testing
Test duration unacceptable
No detrimental effect observed.

N
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APPENDI X D. Procedures used by the California Departnment of Fish
and Gane to assess pesticide hazards to aquatic resources.

The California Departnent of Fish and Gane's (CDFG Pesticide
| nvestigations Unit (PIU assesses the hazards of pesticides to
California' s aquatic resources. An inportant el enent of CDFG s
hazard assessnment procedure is establishing water quality
criteria (WX) for specific waters of the state using a nethod
nodi fied from gui deli nes devel oped by the U. S. Environnental
Protection Agency (EPA 1985). The hazard assessnent procedure
al so evaluates toxicity studies and includes only toxicity data
generated in tests using accepted procedures to generate the WX
Finally, hazard assessnents eval uate the effectiveness of the WX
in protecting sensitive aquatic organi sns.

Toxicity test data are obtained fromthe scientific
literature, and fromconfidential |aboratory reports submtted to
the EPA and the California Departnment of Pesticide Regulation
(DPR). CDFG eval uates the acceptability of the test nethods used
in these toxicity tests by exam ning the foll owi ng aspects of
both acute and chronic tests: 1) test nmethod, 2) test type,

3) test species, 4) water quality maintenance and nonitoring,

5) toxicant maintenance, and 6) test design. Wthin each of

t hese categories as many as nine elenents are used to eval uate
test procedures. Studies are not required to conply with every
el enent, but tests are rejected if they do not observe certain
fundanment al procedures such as maintaining proper survival of
organisnms in a control treatnment or testing only with healthy,
unstressed organisns. Studies are also rejected if they contain
insufficient information to properly evaluate the tests or if the
study did not follow standard testing procedures (ASTM 1980,
1987a, 1987b, 1988a, 1988b, 1989).

Data from acceptabl e acute and chronic toxicity studies on
freshwater and sal twater organisns are used in determning a
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Fi nal Acute Value (FAV), Final Chronic Value (FCV) and Fina
Pl ant Value (FPV). The FAV is derived using the follow ng
pr ocedur e:

1. The Species Mean Acute Value (SMAV) is calculated for each
species for which at | east one acute value is available. The
SMAV is the geonetric nmean of the results of all acceptable
toxicity tests. Wen one or nore life stages are avail abl e
for the sane species, the data for the nore sensitive life
stages are used to calculate the SMAV. Acute val ues that
appeared to be questionable (i.e., that differ by nore than a
factor of 10 in conparison with other acute data for the sane
species and for other species in the sanme genus) are not used
in calculating the SVAV

2. The CGenus Mean Acute Value (GVAV) is calculated for each
genus for which one or nore SMAVs are available. The GVAV is
the geonetric nmean of the SMAVs avail able for the genus.

3. The GVAVs are ranked (R) from"1" for the lowest to "N' for
the highest. GVAVs are arbitrarily assigned successive ranks
when two or nore are identical

4. The cunul ative probability (P) is calculated for each GVAV as
R(N+1) .

5. The four GVAVs having cumul ative probabilities closest to
0.05 are selected. |If fewer than 59 GVAVs are avail abl e,
these four will always be the four |owest GVAVs.

6. The FAV is cal cul ated using the selected GVAVs and Ps, as:

3((In GAV) ) - ((3(1n GVAV)) % 4)
S =
3(P) - ((3(%P))?/4)
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L = (3(In GVAV) - S(3%P)))/4
A = S(%0.05) + L
FAV = e?

If sufficient data are available, the FCV is cal cul ated using
t he sane procedure as described for the FAV. |If sufficient data
are not available, the follow ng procedure is used:

1. Chronic values are obtained by cal culating the geonetric nean
of the NOEC and the LOEC from an acceptable chronic toxicity
test.

2. Acute-Chronic Ratios (ACR) are cal culated for each chronic
val ue for which at | east one correspondi ng appropriate acute
value is avail able using for the nunerator the geonetric nean
of the results of all acceptable acute tests. Wenever
possi bl e, the acute test(s) should be part of the sanme study
as the chronic test.

3. The species nean ACR is calculated for each species as the
geonetric nean of all ACRs avail able for that species.

4. The Final ACR is calculated as the geonetric nean of all the
speci es nean ACRs avail able for both freshwater and sal t water
speci es.

5. The FCV is then cal cul ated by dividing the FAV by the Final
ACR.

If no chronic toxicity data are avail able, the FCV can be
estimated by applying a conversion factor of 0.1 to the | owest
acute val ue.

The FPV is derived using the follow ng procedure:
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1. Aplant value is the result of a 96-hour test conducted with
an algae or a chronic test conducted with an aquatic vascul ar
pl ant. Because standardi zed testing procedure have not been
established for algae or aquatic vascular plants, all test
durations are consi dered.

2. The FPV is obtained by selecting the |lowest result froma
test with an aquatic plant species in which the endpoint was
bi ol ogi cally inportant.

The | owest of these three values is used as the WX
Separate WQCs can be generated for freshwater and saltwater
species if toxicity differences are noted or if the specific
wat er systemis strictly saltwater or freshwater, i.e. if the
wat er system does not include an estuary. The WQC can be | owered
further to protect inportant sensitive species.

Hazard assessnents conpare the WX generated for specific
waters with environmental concentrations determ ned through
nmonitoring prograns. |If environnmental concentrations are greater
than the WQC, CDFG determ nes that aquatic resources are
t hreat ened and proposes hazard mtigation.

The hazard assessnent procedure is a reiterative process by
whi ch new data are evaluated to refine the WQC. Hazard
assessnments usually recommend additional toxicity tests with
commonly used testing organisns and potentially sensitive native
speci es.
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